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ABSTRACT
 In an effort to create discriminant function equations for a spatially and 
temporally specific archaeological population, this study utilized metric analyses of the 
crania and post-crania in a collection from Mistihalj, Montenegro housed at the Peabody 
Museum of Archaeology and Ethnology.  After the data was collected, discriminant 
function analyses were performed and used in the creation of univariate and multivariate 
sectioning points for the purpose of estimating the sex of archaeological populations in 
this region.  It is believed that the equations created will supplement other 
bioarchaeological methods for sex estimation within archaeological populations of the 
Balkan region where single skeletal elements or commingled remains may be prominent.  
This project will also provide a better understanding of sexual dimorphism in Balkan 
populations, which may ultimately help when working to make a biological profile for an 
unknown individual in this region.
 The best univariate measures for sex estimation (ranging from 96% to 85% 
accuracy) are:  maximum diameter of the femur head, sagittal diameter of the radius at 
midshaft, maximum length of the ulna, maximum vertical diameter of the head of the 
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humerus, biauricular breadth, maximum length of the radius, epicondylar breadth of the 
femur, anterio-posterior diameter of the femur at midshaft, maximum length of the 
humerus, maximum length of the calcaneus, bizygomatic breadth, and maximum 
epiphyseal breadth of the proximal tibia.  All multivariate equations achieved 
classification rates above 85%.  The best elements for multivariate analysis (above 90% 
accuracy) are:  femur, radius, humerus, cranium, tibia, and ulna.
 Unexpectedly, two cranial measures are among the most accurate univariate 
measures, and the cranium provided higher classification rates than expected in 
comparison to post-cranial elements in the multivariate analyses.  The multivariate 
equations created are only applicable if every measure/landmark required is present on 
the skeleton in question.  As there is often differential preservation of skeletal elements, 
the use of multiple univariate sectioning points may be better on moderately or very 
poorly preserved remains.
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CHAPTER 1
INTRODUCTION
 Extensive research has been carried out addressing sex estimation from various 
skeletal elements.  In addition, much work has been completed dealing with creating 
population specific criteria on which to base sex estimations.  This study will address the 
need for population specific standards for sex estimation in a bioarchaeological context in 
the Balkan region.  Using discriminant function analyses (DFA) of cranial and post-
cranial measurements, equations and sectioning points were formed for sex estimation 
within an archaeological population from Mistihalj, Montenegro.  The ultimate goal in 
performing these analyses is to supplement already utilized techniques such as seriation 
and mixture analysis when dealing with recovery of single skeletal elements, very few 
elements, or commingled remains.  Metric methods were performed on the crania and 
post-crania of individuals within the collection from Mistihalj, Montenegro housed at the 
Peabody Museum of Archaeology and Ethnology at Harvard University.
 The data gathered was subsequently used to perform univariate and multivariate 
DFA analyses for metrically estimating sex within the chosen population.  Sectioning 
points between the sexes were created from the mean of the measurements through 
univariate analyses.  Multivariate analyses provided equations wherein cranial or post-
cranial measures, when input, will estimate sex based on the resultant number.  In both 
cases, the sectioning point estimates sex based on whether the measure/result is above 
(male) or below (female) the point.  The classification rates of the univariate portion of 
this study were determined by comparing the metrically estimated sex to the visual 
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estimation from the associated pelvis.  The pelvis was visually sexed using the Phenice 
(1969) method.  
 This research was hypothesized to support the findings of Spradley and Jantz 
(2011), who determined that post-cranial measures are more indicative of sex than cranial 
measures.  In addition, it is expected to be applicable in a bioarchaeological context, 
rather than a modern context, for more accurate sex estimation.
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CHAPTER 2
BACKGROUND
Archaeological Basis
 Using quantitative approaches for estimating sex is useful in supplying a method 
for estimation that can be applied when commingled remains, a limited number of 
skeletal elements, or even single elements are recovered.  For example, osteometric 
sorting, or the pairing of bones based on relative sizes, can be used to associate or 
segregate commingled remains.  In many cases, sex and ancestry of commingled remains 
is not known, so reference data must consist of both sexes and many populations (Byrd 
2008).  Yet using metric methods to estimate sex from post-cranial elements will help to 
narrow the search.  These methods can be easily and effectively applied to archaeological 
populations.
 In addition to commingling, other factors can affect the formation of a biological 
profile.  Various taphonomic processes can affect bone preservation and recovery in an 
archaeological context, thus creating a preservation bias during excavation.  Fluvial 
transport, scavenging and rodent gnawing, trampling, weathering, soil compaction, and 
leaching of mineral components all interact to affect bone postmortem (Bassett and 
Manheim 2002; Behrensmeyer 1978; Galloway, et al. 1997; Haglund, et al. 1989; Hedges 
2002; Willey, et al. 1997).  The original condition of the bone antemortem also influences 
skeletal preservation, as elements with pathological conditions or traumatic injury will be 
less well preserved than healthy bone.  Additionally, the processes of excavation and 
curation (cleaning, etc.) can cause bone degradation or even loss (Galloway, et al. 1997).  
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Alongside these post-depositional changes, cultural and social influences prior to burial 
can also affect skeletal preservation in an assemblage.  Thus, skeletal remains excavated 
may not be a good representation of the living population at the time a necropolis or 
burial ground was in use (Jordana, et al. 2010:671).
 Gordon and Buikstra (1981) set forth five categories into which one may assign 
bones based on preservation subsequent to burial:
Table 2.1.  Postmortem changes to bone, by stage (Gordon and Buikstra 1981:568-9).
Category Description of Bone Postmortem
1 “Strong complete bone”; not yet destroyed
2 Fragile bone; could exhibit fragmentation (easily put back together); tend 
to have some etching on surface; articular surfaces have superficial 
damage
3 Fragmented bone (put together with much skill and work); heavy etching 
and cracking on surface; may not be able to reassemble articular ends; only 
vault of skull may recoverable/reconstructible; facial bones not intact; long 
bone length and facial measures may be impossible to gather
4 Extremely fragmented; may not be possible to collect metric data; non-
metric traits may be limitedly observable
5 “Bone meal” or “ghost” bones; powdery; may simply be stains in the soil; 
no data can be collection
Using these categories to organize excavated skeletal remains and comparing these 
observations to soil pH, Gordon and Buikstra (1981) were able to determine that soil pH 
is inversely proportional to skeletal preservation.  As pH increases (becomes more basic), 
degradation of bone decreases; as pH decreases (becomes more acidic), bone degradation 
increases.  This pattern is amplified in juvenile remains, presumably due to the lower 
density of immature bone (Gordon and Buikstra 1981).
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 Soil pH can also affect the chemical weathering of bone within a burial.  A 
combination of water, acid, oxygen, and calcium content all cause this form of 
weathering (White and Hannus 1983).  When a bone rests in soil that is not in 
equilibrium with its calcium or phosphate content, the bone will absorb or be leached of 
chemicals.  In acidic soil, hydrogen ions replace the calcium in the hydroxyapatite of the 
bone; subsequently the calcium is leached into the soil.  Conversely, the reverse process 
can occur should the pH of soil increase, thus inserting calcium into the hydroxyapatite.  
In this way, skeletal elements may be either chemically preserved or destroyed by soil 
(White and Hannus 1983).
 In some cases, weathering, which is generally thought of as affecting remains on 
the ground surface (Behrensmeyer 1978), can also affect (partially) buried remains.  As 
wind or water erode the soil away from remains, exposed bones are weathered and often 
become fragmentary (Littleton 2000).  This would also influence the elements available 
for analysis in an archaeological context, especially in cases of water erosion where entire 
skeletal elements are removed from a burial when exposed (Littleton 2000).  Remains can 
also be affected by looting and the removal of remains from a burial without 
documentation, which can exacerbate issues of commingling analysis and segregation 
(Ubelaker and Rife 2008).
 Another factor that affects preservation of skeletal elements is bone mineral 
density.  The size, mass, shape, structure, and density of a bone will influence how it is 
preserved.  Of these, the density of an element overall and variations in density within a 
5
single element are said to be the most important factors when determining bone survival 
(Galloway et al. 1997).  When studying the major long bones (humerus, radius, ulna, 
femur, tibia, fibula), Galloway, et al. (1997) discovered significant differences in bone 
density between males and females, but similar density between right and left limbs 
(Galloway, et al. 1997).  It has been found that females have lower bone density 
throughout their lives in contrast to males.  This is exacerbated later in life as menopause 
takes place.  In the eight to ten years subsequent to menopause, females lose 2-3% of 
cortical bone and up to 8% of trabecular bone per year (Galloway, et al. 1997).  It was 
determined that in most cases the diaphysis of the bone displayed higher density, which 
decreased closer to the proximal or distal ends.  Density in the ends of long bones varied 
according to their morphology (Galloway, et al 1997; Willey, et al. 1997).
 Although long bones proved to be dense in comparison to other elements, as an 
individual ages, bone mass decreases.  Therefore, elderly individuals, in addition to 
juveniles, are not well preserved archaeologically, as a result of a process similar to that 
caused by soil pH (Galloway, et al. 1997).  The exchange of minerals between soil and 
bone varies according to the length of surface exposure, the type of hard tissue, the 
integrity of collagen structures, and the element itself.  Therefore it can be hard to predict 
how much density will be lost over time in an archaeological sample, as it is based upon 
the original bone mineral content and condition pre-death (Willey, et al. 1997).
 An issue in the Galloway, et al. study (1997), as admitted by the authors, was the 
processing of the skeletal elements used.  The bones in the study were boiled to removed 
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flesh.  This may be problematic, as boiling has been shown to cause up to 10% density 
loss in skeletal elements (Galloway, et al. 1997).  Most importantly for the purpose of this 
thesis is the role density plays in a burial environment.  Bones lesser in size or thinner 
tend not to be recovered during excavation.  Additionally, even larger elements may be 
affected by fungus or mineral leaching/infiltration from the soil, which will cause 
degradation (Galloway et al. 1997).  As described previously, females and males differ in 
terms of bone density.  Consequently, females may have been less well preserved in the 
archaeological record in the Balkans due to lower bone density.
 The taphonomic processes caused by soil pH, bone density, and burial 
environments or other postmortem arrangements can severely limit the number and 
quality of skeletal elements excavated.  As a result, the amount of information, especially 
osteometric data, that can be gathered from a burial site can be compromised.  While 
DNA would be useful when evaluating single or fragmented elements (Mundorff, et al. 
2008), it is costly and time consuming.  Therefore, developing and utilizing a method to 
help gather information for the biological profile from single or limited skeletal elements 
would be invaluable.
Sexual Dimorphism and Secular Change
 Sexual dimorphism is “a difference between males and females of a species in any 
anatomical, physiological, or behavioral character” and is affected by many factors; this 
is what helps a forensic anthropologist estimate sex from unidentified remains (Plavcan 
2011:143).  It is consistently found that males are larger in skeletal dimensions than 
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females, thus allowing a sex assignment based upon metric or visual methods, though 
more commonly the former (Papaioannou, et al. 2012; Šlaus, et al. 2003) .  Dimorphism 
is observable both cranially and post-cranially (Thayer and Dobson 2010; Claes, et al. 
2012; Holden and Mace 1999; Gray and Wolfe 1980).  All populations exhibit some 
sexual dimorphism in stature, but the amount of dimorphism differs between populations 
(Holden and Mace 1999; Gray and Wolfe 1980).  Sexual dimorphism has been found to 
correlate with the sexual division of labor, especially in the contribution to subsistence.  
In societies where women contribute more to food production, sexual dimorphism tends 
to be less.  Therefore women will be taller in comparison to men in these cultures.  The 
cause of this phenomenon, of more equivalent size in equal work environments, is not 
known, but it may be based on better nutrition in these cultures (Holden and Mace 1999).  
This hypothesis is supported by the findings of Gray and Wolfe (1980), who discovered 
that diet may can affect the amount of dimorphism present in a society.
 This change in sexual dimorphism can be seen in the archaeological record.  After 
the Late Paleolithic, subsistence activities may have changed enough to cause a decrease 
in sexual dimorphism.  During the Late Paleolithic, strong men hunted large game; 
subsequently, during the Mesolithic, less robust men hunted smaller game (Brace and 
Ryan 1980; Frayer 1980, 1981).  Women previously were primarily gatherers and did not 
need to be as robust.  Instead, genetic selection would have caused faster maturation and 
maximized energy efficiency (Andersson 1994).  Agriculture caused further overlap in 
male and female roles, reducing sexual dimorphism even more (Murdock and Provost 
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1973).  Despite this, it is believed that stature has increased through secular change in 
industrial populations this past century (Eveleth and Tanner 1990).  It is possible this is 
because male development is more easily affected by the surrounding environment 
(Brauer 1982).
 As stated previously, sexual dimorphism varies regionally, affecting which 
element or measurement will be most accurate when attempting to visually or metrically 
estimate sex.  Summarized in Table 2.2 is an abridged compilation of different sex 
assessment methods based on the sexual dimorphism of a variety of populations.  The 
best measurements or traits are those that present the most extreme variation between the 
sexes.  By no means exhaustive, the table demonstrates the variability of sex indicative 
traits across a selection of populations.
 In addition, a table created by Kranioti and Michalodimitrakis (2009) is included 
with several populations presented (Table 2.3).  The table displays “Variables selected by 
the stepwise discriminant function analysis, the best discriminatory variable for group 
assessment, and the percentage of accuracy for Cretans and several different 
populations” (Kranioti and Michalodimitrakis 2009:999).
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Table 2.2.  Summary of sexually dimorphic traits and measures for various populations
Author Sample 
Size
Population/Period Element(s)
Investigated
Best Trait/
Measure for Sex 
Estimation
Accuracy
Steyn and 
Işcan 1997
106 South Africa/Mostly 
Recent
Femur and Tibia 
(metric)
Distal Breadth of 
Tibia and Femur
86-91%
Tise, et al. 
2012
142 (28 
females)
Modern Hispanic 
(Mexico-U.S. Border)
Postcrania (metric) Multivariate:  Radius 99.65%
Tise, et al. 
2012
142 (28 
females)
Modern Hispanic 
(Mexico-U.S. Border)
Postcrania (metric) Univariate:  Clavicle 
Max Length
99.65%
Williams and 
Rogers 2006
50 Modern European 
White
Crania (visual) Mastoid, Supraorbital 
ridge, General size 
and architecture, 
Rugosity of 
zygomatic extension, 
Size/shape of nasal 
aperture, Gonial angle
> 80%
Spradley and 
Jantz 2011
178 
(crania); 
143 
(postcran
ia)
American Blacks
(1930 - present)
Crania and 
Postcrania (metric)
Multivariate:  
Humerus
93.84%
Spradley and 
Jantz 2011
178 
(crania); 
143 
(postcran
ia)
American Blacks
(1930 - present)
Crania and 
Postcrania (metric)
Univariate:  Femur 
Epicondylar Breadth
89%
Spradley and 
Jantz 2011
526 
(crania); 
496 
(postcran
ia)
American Whites 
(1930 - present)
Crania and 
Postcrania (metric)
Multivariate:  Radius 94.34%
Spradley and 
Jantz 2011
526 
(crania); 
496 
(postcran
ia)
American Whites 
(1930 - present)
Crania and 
Postcrania (metric)
Univariate:  Tibia 
Proximal Epiphyseal 
Breadth
90%
Papaioannou, 
et al. 2012
147 Modern Greeks Scapula (metric) Multivariate:  Max 
Length of Scapular 
Spine and Glenoid 
Cavity Breadth
95.90%
Papaioannou, 
et al. 2012
147 Modern Greeks Scapula (metric) Univariate:  Max 
Scapular Height
91.20%
Papaioannou, 
et al. 2012
147 Modern Greeks Clavicle (metric) Multivariate:
Max Clavicular 
Length and Midshaft 
Circumference
90%
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Author Sample 
Size
Population/Period Element(s)
Investigated
Best Trait/
Measure for Sex 
Estimation
Accuracy
Papaioannou, 
et al. 2012
147 Modern Greeks Clavicle (metric) Univariate:  Max 
Clavicular Length
84.60%
Šlaus, et al. 
2003
195 Modern Croats (1991 
War in Croatia 
victims)
Femur (metric) Maximum Diameter 
of the Femoral Head
94.40%
Garvin and 
Ruff 2012
119 American Blacks and 
Whites (19th-20th 
century - Terry 
Collection)
Crania:  browridge, 
chin (metric)
Browridge 91.60%
Işcan, et al. 
1994
84 Contemporary Japan 
(1960-70)
Tibia (metric) Proximal and Distal 
Breadth
89%
Kranioti and 
Michalodimitr
akis 2009
178 Contemporary Crete Humerus (metric) Multivariate:  All 6 
chosen measures
92.90%
Kranioti and 
Michalodimitr
akis 2009
178 Contemporary Crete Humerus (metric) Univariate:  Vertical 
Head Diameter
89.90%
Srivastava, et 
al. 2012
122 Contemporary North 
India (2007-2009)
Femur (metric) Multivariate:  
Epicondylar Breadth, 
Antero-posterior 
diameter of lateral 
condyle, Proximal 
breadth
90.20%
Table 2.3.  Best measures for evaluating sexual dimorphism, presented by population (Kranioti 
and Michalodimitrakis 2009:999).
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Population Specificity in DFA
 For the reasons described in the previous section, a population specific 
discriminant function equation will be relevant in a bioarchaeological context, especially 
in the Balkan region, due to the temporal and spatial variation that occurs among and 
between populations.  Internal and external environments both effect changes on the 
human skeleton.  Within a population, human growth is altered by sociopolitical and 
economic events, including war and nutrition (Işcan, et al. 1994).  A brief overview of 
secular change in various regions can be seen in Table 2.4.
 These changes affect visually assessed traits, but even more so they affect 
osteometric methods used when developing a biological profile (Işcan, et al. 1994).  Due 
to this variation, reinvestigating sexually dimorphic traits is a necessity each time a 
different population is researched.  Characteristics significant for estimating sex in one 
population are often not applicable to other populations.  In addition, a population may 
exhibit temporal changes in sexual dimorphism in the crania after only a few decades.  At 
times, despite limiting populations to specific areas and periods, sexual dimorphism may 
still exhibit significant changes (Walker 2008).
 Due to access to large data sets rather than individuals, Knudson and Stojanowski 
believe discriminant function analyses are more applicable to forensic anthropology and 
are unnecessary in bioarchaeology (2008).  Yet this does not address the need for 
population specific data necessary for sex estimation when dealing with only one 
individual or a commingled group within a population wherein seriation and mixture 
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Table 2.4.  Secular change among various populations, adapted from Holden and Mace (1999:33).
Population Period Secular Change in 
Stature
Source
Africa
Bantu speaking South Africans 1919-1973 No Tobias 1989
Rural Mali, West Africa 
(including Fulani and Mossi)
1917-1985 No Prazuck et al. 1988
Kalahari San 1900-1962 Yes - increase Tobias 1962
Asia
India (overall) 1881-1963 Yes - decrease Ganguly 1979
India -  Toda 1881-1963 Yes - increase Ganguly 1979
India - Oraons and Bhil 1881-1963 Yes - decrease Ganguly 1979
Siberia - Tungus (Evenki) 1900-1992 Yes - increase, males only Leonard et al. 1996
Americas
Western Apache 1940-1967 Yes - increase Miller 1970
Apache Early to mid 20th Cent Stable to decreasing Moore 1972
Navaho Early to mid 20th Cent Stable to decreasing Moore 1972
Papago Early to mid 20th Cent Stable to decreasing Moore 1972
Yucatec Maya 1895-1968 No McCullough 1982
Australia
Aborigines 1930-1970 Yes - increase Barrett and Brown 1971
Pacific Islands
Papua New Guinea 1900-1981 Variable Ulijaszek 1993
Fiji 1970-1985 Yes Clegg 1989
Fiji 1930-1970 No Clegg 1989
analysis may not be effective.  In order to address the variation of sex traits between 
populations, Steyn and Işcan (1998) studied and developed new standards by which to 
estimate sex from the skulls of South African whites.  Spradley and Jantz also reassert the 
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necessity for using population specific estimates when evaluating both the crania and 
post-crania (2011).
 Despite assertions that population must play a key role in sex estimation 
techniques, some researchers are developing non-population specific methods.  Albanese 
(2007) has done work using the measures of the clavicle and upper limb bones to create 
logistic regression equations for sex estimation.  The equations section males and females 
within a select population without inferring information from other models  The method 
is useful because it does not rely on population specific standards, and thus can be 
applied to multiple cases, both forensic and archaeological (Albanese 2007).  In a similar 
work, Albanese, et al. (2008) formed two population non-specific methods for sex 
estimation using the femur and pelvis.  Rather than choose a specific population to study, 
individuals with a wide range of ages at death and years of birth were selected and 
measured.  The method was created for use when individuals or small groups are being 
examined without significant contextual information (Albanese, et al. 2008).  Also 
working with the femur, Konigsberg and Frankenberg (2007) used a mixture model to 
estimate sex from the minimum femoral circumference of fragmentary remains.
 In a study similar to that carried out for this project, Barnes and Wescott (2007), 
used multivariate analysis of humeral measurements to create a sectioning point between 
males and females in a Mississippian period population.  Maximum head diameter, 
maximum length, maximum diameter at midshaft, and minimum diameter at midshaft of 
the humerus were recorded.  The midpoint between the mean of the male and female 
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measures was calculated to create the sectioning points.  The method achieved 76-84.4% 
accuracy (Barnes and Wescot 2007:136).  While not overly accurate, the method is 
population specific and gives another perspective to the analysis of the remains excavated 
from the Mississippian period.
Sex Estimation
 The pelvis is by far the best element to use for sex estimation (Bass 2005), but 
there is extensive research evaluating and comparing the accuracy of cranial and other 
post-cranial elements.  In the past, it has been asserted that the pelvis yields 95% 
accuracy in sexing, while the cranium produces approximately 90% accuracy (Kajanoja 
1966).  This placed the cranium as the next best skeletal element to use for sex estimation 
when the pelvis was unavailable.  Yet several studies have discovered greater accuracy in 
sexing from post-cranial elements.  In one example, Steyn and Işcan (1997, 1998) 
compared the results of their post-cranial study (1997) to those of a subsequent cranial 
study (1998).  They concluded that while the post-crania provided more precise results in 
sex estimation, standards for estimating sex are necessary for numerous skeletal 
elements, in the event that the most accurate elements are missing or damaged (Steyn and 
Işcan 1998).
 Assertions that the cranium is the second best skeletal element for sex estimation 
and research providing evidence proving otherwise are in conflict.  Much of the research 
shows estimations are more accurate when sexing specific (non-pelvic) post-cranial 
elements (Spradley and Jantz 2011).  Using univariate and multivariate methods, 
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Spradley and Jantz (2011) address the issue.  They estimated sex from the cranium, 
mandible, and post-cranial skeleton of American Whites and Blacks and concluded that 
the post-cranial skeleton is more accurate in providing a sex estimate than the cranium 
(Spradley and Jantz 2011).
 Often long bones are used for metric sexing techniques (Işcan, et al. 1994).  With 
few exceptions, this trend was validated by recent findings.  Spradley and Jantz (2011) 
determined femoral, tibial, and humeral joint surfaces, as well as the maximum length of 
the radius and scapula to be the most sexually dimorphic in the American Black and 
White populations tested.  Barnes and Wescott (2007) found in their study that when 
using the humerus, the maximum head diameter and maximum length are the most 
effective measures.  The present study shows which measures are most accurate for sex 
estimation in a population from the Balkan region.
Error Rates
 In a test of interobserver error on post-cranial osteometrics, Adams and Byrd 
(2002) determined that the highest level of error is found in measures of the pelvis and 
femur.  Pubis length displayed the highest error rate and was found to be problematic 
despite the observer’s experience level.  This is unsurprising due to the difficulty most 
observers experience with pelvic measures.  Subtrochanteric measurements of the femur 
showed the second highest level of error after the pelvis (Adams and Byrd 2002).  The 
tibia also caused trouble for observers, but this is believed to be a result of residual 
confusion over the Trotter and Gleser model (Adams and Byrd 2002; Waxenbaum, et al. 
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2010).  Error results found by Adams and Byrd (2002) are included in Figure 2.1.  Using 
some of the most difficult post-cranial measures, Adams and Byrd (2002) displayed 
which of these may not be reliable for use in analysis.  Variation from one observer to 
another can skew results when trying to apply an osteometric model to an individual 
being investigated (Adams and Byrd 2002).
Figure 2.1.  Ranked scaled error index across all experience groups (adapted from Adams and 
Byrd 2002:5).
 In the study presented in this thesis, the pelvis was used for visual confirmation of 
estimated sex in comparison to the sex metrically estimated from other skeletal elements.  
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Post-cranial elements measured included the pelvis,femur, and tibia.  The findings of 
Adams and Byrd (2002) were kept in mind when measuring the various post-cranial 
elements chosen for this study to ensure the highest level of accuracy possible.
 The Phenice method for estimating sex visually from the pubis was developed to 
reduce error rates in inexperienced observers of the pelvis, since pelvic characteristics, 
including greater sciatic notch, width of the pubis, and pre-auricular sulcus, may seem 
ambiguous to an untrained eye.  Without any idea of which characteristic should be 
weighted more heavily, estimating sex on individuals of intermediate morphology 
becomes even more subjective (Phenice 1969).  The medial aspect of the ischio-pubic 
ramus, the ventral arc, and the subpubic concavity were examined on 275 individuals of 
known sex (from cadaver records), with the result of only eleven sexed incorrectly 
(Phenice 1969).  This high accuracy rate proves the reliability of the Phenice method for 
visually estimating sex from the pelvis.
The Collection
 The Balkans have a rich history of population changes.  Invasions and politics 
deeply affected the region’s populations.  Originally residing on the peninsula were the 
Illyrians and subsequently the Greeks (Jelavich 1983:4).  Later, the Goths invaded the 
region in the 3rd, 4th, and 5th centuries.  Overlapping this invasion during the 4th and 5th 
centuries came the Huns.  Starting in the 6th and 7th centuries the Avars, Slavs, and 
Bulgars invaded.  Unlike their predecessors, they settled in the area instead of leaving 
subsequent to their raids.  They either absorbed the prior populations in the area or 
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became part of the local society.  During the 9th and 10th centuries the Magyars 
(Hungarians) arrived, followed in the 10th and 11th centuries by the Pechenegs.  The 12th 
and 13th centuries brought the Cumans, and the 13th the Mongols (Jelavich 1983).  The 
Slavs were an Indo-European people that dispersed into the majority of the Balkan 
Peninsula.  This population led to the medieval states of Bulgaria, Croatia, Serbia, and 
Slovenia (Jelavich 1983).  The invasions experienced in the region changed the ethnic 
make up of Balkan peoples (Jelavich 1983).
 During the medieval period, the states formed were the result of many leaders’ 
attempts to gain as much territory as possible.  As a result, all of the Balkan states that 
waxed and waned in the period were multinational, multiethnic, and multilingual 
(Wachtel 2008).  From the late 12th to the 14th century, Serbia, beginning in the tribal 
principality of Zeta (modern Montenegro), expanded to contain modern Serbia, Kosovo, 
Albania, and mainland Greece.  At the end of the 14th century the state collapsed with the 
invasion of the Ottomans (Wachtel 2008).
 During the 14th and 15th centuries, Montenegro did not equally experience 
Ottoman rule since the country was mountainous and inhospitable, as well as poverty 
stricken.  Although the Ottoman Empire claimed it ruled Montenegro and asserted that it 
was a vital area for the empire, the state evaded taxes and tribute and was generally not 
considered to be worth the trouble of controlling it.  After the Ottoman invasion, the 
Montenegrin natives went into the mountains (Jelavich 1983).  With the exception of 
some mountainous and peripheral areas such as Montenegro, the Ottomans controlled the 
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entirety of the Balkans from the end of the 15th century to the end of the 16th (Wachtel 
2008).  As Ottoman power declined, the demography of the region changed again.  
Originally the center of Serbia was in Zeta and Raska (modern Montenegro and Kosovo 
respectively).  At the close of the 17th century, Serbians rebelled against the Ottoman 
Empire at the beginning of its collapse.  The rebellion was unsuccessful and subsequently 
approximately 50,000 Serbs migrated north of the Danube (Wachtel 2008).
 The particular collection used in this study was excavated by the Yugoslav-
Stanford University expedition (administered by the Smithsonian Institution and funded 
by “American funds for overseas projects”) (Chiaro 1972:197).  Excavation was initiated 
because of plans to build a dam that would flood the site in the Trebišnjica valley, 
possibly as early as September 1967.  The Trebišnjica valley is located approximately 
thirty miles northeast of Dubrovnik and was excavated the summer of 1967 (Chiaro 
1972).  The site is located between Bosnia-Herzegovina and Montenegro (within the 
former Yugoslavia) (Cowgill 2010) (see Figure 2.2).  The entirety of the site ranged in 
period from Illyrian, to Roman, and to the medieval period (prehistoric, classical, and 
medieval periods respectively).  Medieval material included the large “Bogumils” 
necropolis at Mistihalj, which was well documented.  Some of the more significant 
headstones (stećci) were relocated to Bileća, a nearby town on higher ground (See Figure 
2.3) (Chiaro 1972).
 While the necropolis at Mistihalj is described as being Bogomil, this is probably 
not an indication of the religious affiliation of those interred there.  The term Bogomil, in 
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a religious sense, was used to refer to dualist heretics who originated in Bulgaria.  Yet by 
the mid 1300s this sect was probably small and weak in Bulgaria (Fine 1987).  These 
heretics did not believe in an omnipotent god, the trinity, church buildings, the cross, the 
cult of saints, religious art, or the Old Testament.  The Bosnian Church, on the other hand 
did believe in or utilize all of these aspects in worship.  Therefore, despite often being 
described as Bogomil, the Bosnian Church was Christian (Fine 1987).
 Figure 2.2.  Mistihalj site, on the border between Montenegro and Bosnia-Herzegovina, marked 
with a star.  The greater Balkan region surrounds.  A closer view of the site is supplied in 
subsequent maps (Rekacewicz 1996).
21
Figure 2.3.  Major Late Medieval Towns in the Balkans; Bileća, a town near the Mistihalj site, 
within the Zeta region, is denoted with an arrow (Fine 1987).
 In fact, Bogomil tombstones (stećci) received the same misnomer for this reason 
as well.  These tremendous medieval tombstones were used predominantly during the 
14th, 15th, and 16th centuries.  They were called Bogomil tombstones because people at 
the time believed Bogomil and the Bosnian Church to be synonymous.  Although the 
headstones appeared to be most common in Bosnia (hence the Bogomil/Bosnian Church 
label), in reality these vast monuments were constructed by wealthy individuals of all 
faiths.  From the headstone writings, Catholic, Orthodox, and Bosnian individuals all 
were interred with these grave markers.  Rather than being associated with a particular 
faith, the Bogomil tombstones were a cultural trend in the region at the time (Fine 1987).
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 Although the exact dates of the collection are not known, it is known that most of 
the individuals buried there were probably interred prior to the Ottoman conquest in 
1468.  Dates written on the tombstones at the site range from 1300 to 1500 AD (Nuger 
2008).  In addition, the cemetery monuments, coins, and grave goods all place peak use 
of the site in the middle of the 15th century (1400 to 1475).  While the necropolis is 
described as being Bogomil, the cultural associations with the remains indicate that the 
individuals buried were probably Vlakhs.  Vlakhs are indigenous to the Balkans and still 
exist in the area in small numbers.  In the past, Vlakhs migrated depending on the season; 
summers were spent in highland pastures and winters in coastal valleys where it was 
warmer.  Though nomadic, Vlakhs were primarily pastoralists, raising sheep, horses, 
mules, and cattle (Cowgill 2010).  Out of all of the Bogomil tombstones researched, the 
Vlakhs were interred with the “most elaborate and interesting motifs”, especially in the 
Stolac area (a town/municipality to the West of Mistihalj) (Fine 1987:486-7).
 Currently, the Mistihalj site is underwater from the creation of the artificial lake in 
1967, as mentioned previously.  It is presumed that this lake is Lake Bilecko, as this 
particular artificial lake lies on the border between Montenegro and Bosnia-Herzegovina 
in approximately the same area as the Mistihalj site used to be located (Pietiläinen and 
Heinonen 2002) (See figure 2.4).
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Figure 2.4.  The location of Dubrovnik and Trebinje in comparison to Lake Bilecko (created from Google 
Maps).
Prior Research in the Balkans
 A wide range of research has been performed on remains from the Balkan region, 
often in relation to biological profile estimations on modern individuals.  Age-at-death 
has been the focus of many studies.  DiGangi, et al. (2009) presented a new age-at-death 
estimation technique using the first ribs of a male Balkan population.  The Suchey-
Brooks method for age-at-death estimation was also tested on Balkan populations to 
examine its relevance for people of this region.  Djurić, et al. (2007) discovered which of 
the Suchey-Brooks characteristics were most definitive in a Balkan population, while 
Godde and Hens (2012) performed a similar evaluation and discovered that a Bayesian 
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approach was more accurate for historical populations in Italy, across the Adriatic from 
the Balkans.  Lamendin’s dental technique was used to estimate age-at-death in the 
Balkans by Prince and Konigsberg (2008).  As epiphyseal union timing is useful when 
estimating age-at-death, Schaefer’s (2008) research on union timing in Bosnian males is 
also invaluable when creating a biological profile  Sex and stature estimation criteria 
were evaluated for Balkan peoples as an identification aid as well (Jantz et al. 2008).  
Kimmerle, et al. (2008), provide a comprehensive overview of methods used in the 
Balkans for estimation of the biological profile, as well as a discussion of their 
applicability.  Sexual dimorphism was observed in Cretan (Kranioti and 
Michalodimitrakis 2009) and Greek (Papaioannou, et al. 2012) populations using various 
skeletal elements.
 All of these studies on modern populations are useful for providing accurate 
biological profiles for victim identification, yet research has also been done on 
archaeological remains.  For example, Late Medieval burials in Serbia were evaluated for 
trauma and other pathology (Roksandic, et al. 2007), and artificial cranial modification 
was observed on a set of remains from a Byzantine site in Greece (Tritsaroli 2011).  
Biological distance studies are also common in the region due to its long history of 
migrations.  Isolation by distance (Rudan, et al. 1987) as well as craniofacial variation 
among regions (Ross 2004) have been researched.
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CHAPTER 3
MATERIALS AND METHODS
 The Peabody Museum of Archaeology and Ethnology collection from Mistihalj, 
Montenegro, housed at Harvard University, was studied.  Within the collection, 120 
individuals were measured, as they had mostly intact crania and post-crania.  Of these, 
the measurements of 75 individuals were utilized in the univariate and multivariate DFA 
(29 females and 46 males).  This sample included those that exhibited pelves with an 
intact or mostly intact pubis, were not commingled, and had information on sex listed in 
the institution’s records.
 The remains represented in the collection are from a 15th century European 
cemetery.  The specific individuals used for this research were those with an associated 
pelvis available.  In addition, excluded from the sample were individuals displaying an 
unfused pelvis, individuals with commingled or disassociated crania and post-crania, and 
those individuals missing many of the chosen skeletal elements or displaying several 
elements with damage to the area needed for measurement.  The majority of the 
individuals observed for this research fell into the first or second categories of bone 
preservation set forth by Gordan and Buikstra (1981), exhibiting strong and complete or 
mostly complete but somewhat fragile bone.  This made it a good sample on which to 
base the analyses performed in this study.
 As previously stated, only individuals with a pelvis were considered.  When 
visually estimating sex from the pelvis, features evaluated included:  the greater sciatic 
notch, the ischio-pubic ramus, and presence of the subpubic concavity and the ventral arc. 
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Due to the decreased reliability of the greater sciatic notch when sexing from the pelvis 
(White and Folkens 2005), only those pelves with a mostly intact pubis were considered 
for statistical analysis.  The evaluation of the other observed traits followed the Phenice 
method of sexing (Phenice 1969).  Females exhibit the ventral arc, which is “an elevated 
ridge of bone which extends from the pubic crest and arcs inferiorly across the ventral 
surface to the lateral most extension of the subpubic concavity”, there combining with the 
medial border of the ischio-pubic ramus (Phenice 1969:298-9).  On males, the ventral arc 
is absent, but they may have a similar ridge which should not be confused with the arc, as 
it is not oriented in the same direction.  On the male the ridge travels either from the 
pubic tubercle interio-medially to the inferior margin of the pubic symphysis, or 
inferiorly parallel to the medial border of the pubis (Phenice 1969).  Figure 3.1 shows 
variation in ventral arc morphology between the sexes.  In addition to the ventral arc, 
there is a triangular area visible just inferior and medial to the arc on females that is also 
helpful when estimating sex.  It is thought this triangle arises during the pubes’ growth 
spurt during puberty (Klales, et al. 2012).
 The subpubic concavity (a “lateral recurve” of the ischio-pubic ramus just below 
the pubic symphysis), depicted in Figure 3.2, is not considered to be as objective as the 
ventral arc, as some males can exhibit a slight concavity.  Despite this, it was deemed 
“essentially” objective as even a slight concavity present on a male was distinguishable 
from an extreme subpubic concavity on a female (Phenice 1969:299).  In regards to the 
medial aspect of the ishiopubic ramus (Figure 3.3), there is a ridge present on females
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Figure 3.1.  Variation in ventral arc morphology, ranging from female to male (left to right) 
(Klales, et al. 2012:6).
Figure 3.2.  Variation in subpubic concavity morphology, ranging from female to male (left to 
right) (Klales, et al. 2012:7).
Figure 3.3.  Variation in ischio-pubic ramus morphology, ranging from female to male (left to 
right) (Klales, et al. 2012:7).
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that is absent on males, who exhibit “a broad flat surface” (Phenice 1969:299).  This 
feature also shows varying degrees between males and females, so it should only be used 
in conjunction with the other two features and relied on solely if it is the only observable 
trait on the pubis.
 In the event that one, or even two, of these characteristics are ambiguous, the 
other(s) may be used to make a definitive estimate.  The ventral arc is the least 
ambiguous and the medial aspect of the ishio-pubic ramus the most ambiguous of the trio 
(Phenice 1969).  In a revised version of the Phenice method, this pattern was reaffirmed.  
When scoring the three Phenice traits on a scale of one to five, the ventral arc provided a 
88.5% classification rate, the subpubic concavity 86.6%, and the ischio-pubic ramus 
75.8% (Klales, et al. 2012).  As these classification rates indicate, pelvic morphology is 
extremely indicative of sex and can be used effectively for accurate sex estimation, 
especially by an experienced observer.
 Pelvic sex estimates made by the author were compared to those listed for the 
individual by the Peabody Museum of Archaeology and Ethnology.  Only those that 
coincided in estimation were utilized in the DFA.  While the pelvis is considered the best 
element for estimating sex, it does not guarantee an accurate estimation.  Although for the 
analyzed sample the author’s estimates matched with those of the institution housing the 
collection, without antemortem data on the individuals studied, it cannot be known if 
these are accurate.  Despite this, with estimation of sex from the pelvis, the accuracy of 
the cranial and post-cranial measures can be evaluated to the best degree attainable 
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without these records.  Under these criteria, the sample set was limited to only the adult 
individuals that could be compared to an associated pelvis and had enough skeletal 
elements intact to perform the majority of the necessary measurements.
 “Data Collection Procedures for Forensic Skeletal Material” provided definitions 
for both the cranial and post-cranial measurements utilized for this project (Moore-
Jansen, et al. 1994).  Cranial and post-cranial measures performed are listed in Tables 3.1 
and 3.2 respectively.  The mandible was not included among the cranial measures.  The 
post-cranial measures are based predominantly on long bones due to prior research 
displaying marked dimorphism in these elements.
Table 3.1.  Cranial measurements used in this study; 23 of the standard 24 measures were 
performed.
Initial Cranial Measurements
Maximum Cranial Length (g-op) Nasal Height (n-ns)
Maximum Cranial Breadth (eu-eu) Orbital Breadth (mf-ec)
Bizygomatic Breadth (zy-zy) Orbital Height
Basion-Bregma Height (ba-b) Biorbital Breadth (ec-ec)
Cranial Base Length (ba-n) Interorbital Breadth (mf-mf)
Basion-Prosthion Length (ba-pr) Frontal Chord (n-b)
Maxillo-Alveolar Breadth (ecm-ecm) Parietal Chord (b-l)
Maxillo-Alveolar Length (pr-al) Occipital Chord (l-o)
Biauricular Breadth (au-au) Foramen Magnum Length (ba-o)
Upper Facial Height (n-pr) Foramen Magnum Breadth
Minimum Frontal Breadth (ft-ft) Mastoid Length
Upper Facial Breadth (fmt-fmt)
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Table 3.2.  Post-cranial measurements used in this study.
Initial Post-cranial Measurements
Femur Humerus Radius
Maximum Length Maximum Length Maximum Length
Bicondylar Length Epicondylar Breadth Sagittal Diameter at Midshaft
Epicondylar Breadth Maximum Vertical Diameter of 
the Head
Transverse Diameter at Midshaft
Maximum Diameter of Head Maximum Diameter at Midshaft Sacrum
Anterio-posterior 
Subtrochanteric Diameter
Minimum Diameter at Midshaft Anterior Height
Transverse Subtrochanteric 
Diameter
Clavicle Anterior Breadth
Anterio-posterior Diameter at 
Midshaft
Maximum Length Transverse Diameter of Segment 
One
Transverse Diameter at Midshaft Sagittal Diameter at Midshaft Pelvis
Circumference at Midshaft Vertical Diameter at Midshaft Height
Tibia Scapula Iliac Breadth
Length Height Ischium Length
Circumference at Nutrient 
Foramen
Breadth Pubis Length
Transverse Diameter at Nutrient 
Foramen
Ulna Calcaneus
Maximum Diameter at Nutrient 
Foramen
Maximum Length Middle Breadth
Maximum Proximal Epiphyseal 
Breadth
Physiological Length Maximum Length
Maximum Distal Epiphyseal 
Breadth
Transverse Diameter
Fibula Dorso-Volar Diameter
Maximum Length Minimum Circumference
Maximum Diameter at Midshaft
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 As the majority of individuals in the collection observed have scapulae in poor 
condition, they were of little use when creating the multivariate equations due to lack of 
data.  While included in the univariate portion of the statistical analysis, the scapula was 
excluded from the multivariate portion.  As a result of its degradation in as well-
preserved a sample as used in this study, it can be expected to be uncommon in other 
archaeological contexts.
 To alleviate the issue of inaccuracy when measuring the length of the tibia, it was 
measured using two methods.  The first is that outlined in “Data Collection Procedures 
for Forensic Skeletal Material” (Moore-Jansen, et al. 1994), as stated previously.  Moore-
Jansen, et al. (1994) describe length of the tibia as:  “The distance from the superior 
articular surface of the lateral condyle of the tibia to the tip of the medial malleolus”.  The 
second method, while also described by Moore-Jansen, et al. (1994), is outlined in 
Waxenbaum, et al. (2010).  The definition of the measure put forth by Stewart, as 
described by Waxenbaum, et al. (2010), requires the use of an osteometric board with an 
orifice on the vertical end of the board.  Stewart’s method requires “...placing the spine 
within the orifice of the vertical part of the board, applying the most prominent point on 
the condyles (generally the external) to the vertical, while holding the block applied to 
the malleolus, until maximum length is determined” (Waxenbaum, et al. 2010:146).  
These two methods are in essence measuring from the same two landmarks on the tibial 
plateau and the medial malleolus.  The only difference is the placement of the tool used to 
observe the measurement, placing the element on either the edge of the vertical end 
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board, or at the center with the orifice.  By using two separate measurement methods it 
was hoped to gain the most accurate tibial length possible.  For all bilateral elements, the 
left side was measured and used for analysis unless that element was not present or was 
more damaged than its partner.
 The measurements were taken using GPM metal spreading calipers and GPM 
metal sliding calipers.  After measuring the first 26 individuals, the museum requested 
that plastic sliding calipers be used partially through the measurement of the 27th 
individual.  As a result, for the subsequent measures Mitutoyo plastic digital sliding 
calipers were utilized.  Additionally, circumferential measures were taken with a West 
Germany Int. Patents 4 S brand tape measure.  Measurements that required an 
osteometric board were obtained using a Paleotech Concepts Field Osteometric board, 
which featured a hole in the end plate.
 Subsequent to observing and measuring the selected cranial and post-cranial 
elements, the same process was repeated on 20% of the collection (23 individuals)  
selected randomly.  This process was used to test intra-observer error and helped ensure 
the accuracy of the measurements.  Thus the accuracy of the sex estimations, and 
ultimately the discriminant function equations created, was ensured as much as possible.
 The equation used to calculate the difference between the original measures and 
the duplicate measures collected was performed on each measurement separately (ex. the 
sum of the maximum length of the humerus for all the selected original measures was 
compared to the sum of the maximum length of the humerus for all duplicate measures) 
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(Personal Communication, Mark Foltz and Dustin Sier, Nov. 2012).  For an explanation 
of the equation, see the Appendix.
   Percentage Difference = | ∑ X1 - ∑ X2 |
         x 100
           ∑ X1 + ∑ X2
          N
 In addition to the percentage of difference between original and duplicate 
measures, a two-tailed Pearson’s bivariate correlation test was processed through SPSS 
Statistics 20.  In the test, each measurement was compared to its partner to discern if a 
significant correlation could be determined between the two sets of measures.  Significant 
correlation was found if the P (Sig) value was 0.05 or below.  Confidence at the 95% 
level was indicated by 0.05 and at the 99% level was indicated by 0.01.
 Generally it is assumed that anything greater than 10% difference will not provide 
reliable data for statistical analyses (Personal communication, Farzad Mortazavi, Nov. 
2012), hence skewing the results of any future sex estimations made using the sectioning 
points and equations created.  Despite this, all measures that were found to significantly 
correlate on a 99% or 95% confidence interval were included in both the univariate 
multivariate analyses.  The only exception were measurements of the scapula, which 
were excluded from the multivariate analyses due to its small sample size.
 Once recorded, the measures of each cranium and post-cranial element were used 
in DFA for the creation of univariate sectioning points and multivariate equations (the 
latter using SPSS Statistics 20).  The methods used in Spradley and Jantz (2011) were 
replicated for this project as much as possible.  For the univariate analyses, the sectioning 
34
points were found by taking the means of each male and female measure, adding them 
together, and dividing by two.  If a measure was above the sectioning point, the 
individual was estimated as male, if below, female, and if equal to the sectioning point, 
the individual’s sex was indeterminate.  To obtain the classification rates for each 
sectioning point, the number of individuals categorized correctly by the sectioning point 
among a sex were divided by the number of total individuals of that sex.  The mean of 
these two sex-specific classification rates is the overall classification rate (Spradley and 
Jantz 2011).
	
 For the multivariate analyses, a stepwise discriminant function with a Wilks’ 
lambda criterion was used to select variables (measures) for sex estimation.  This process 
selected the best measurements for sex estimation from each element (those weighted 
most heavily in the classification).  Coefficients for the discriminant function equations, 
Fisher’s linear discriminant function scores, and classification rates were also obtained 
through SPSS Statistics 20.  This multivariate portion of the statistical analyses provided 
formulae into which element measures could be input.  The sectioning point for the 
equations was obtained by finding the mean of the centroids of each element’s DFA.  The 
result of the equation indicated male if above the mean of the centroids, female if below, 
and indeterminate if equal.  Classification rates were provided by the program.  Since the 
collection represents a single population, an ANOVA test was not needed to show 
variance between sex and ancestry.
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CHAPTER 4
RESULTS
Intra- and Interobserver Error
 When estimating sex visually from the pelvis, the author’s estimation did not 
match that of the institution housing the collection for one of 30 females (96.67% 
accuracy) and one of 47 males (97.87% accuracy).  These two unknown individuals were 
excluded from all analyses.
 In the evaluation of percent difference, 16 of the 68 measures displayed a percent 
difference between 0.00% and 0.99%.  Twenty-two exhibited between 1.0% and 5.0% 
difference, and 14 were between 5.1% and 10.0% difference (see Table 4.1).  As 
mentioned previously, although measures above 10% difference are generally considered 
too variant for accurate use in research, the SPSS Statistics 20 evaluation that all 
measures with the exception of nasal height were significantly correlated led to the use of 
all well represented elements and correlated measurements in the analyses.
 Nasal height displayed the most error due to an issue with transcription.  The 
second most problematic measures were the sub-trochanteric measures of the femur.  As 
the Stewart method of measuring the tibia was slightly less accurate than the method 
described by Moore-Jansen, et al. (1994) (1.50% and 1.36% difference, respectively), it 
was excluded from the data analyses.
 The percent difference calculations, performed in conjunction with the SPSS 
statistical analyses, displayed which elements had a wider range in variation between 
original and duplicate measures, despite all but one showing significant correlation.  
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Table 4.1.  Percent difference between original and duplicate measures for the intraobserver error test.
??????? ?????????????????? ?
???? ??????????????????????? ???? ??
???? ?????????????????????? ???? ??
?????????????????????????????? ???? ??
???? ?????????????????????????????? ??????? ???? ??
?????????????????????? ???? ??
????????????????????? ???? ?
????????????????????????????? ???? ??
???????????????????? ???? ??
??????????????????????????????? ???? ??
???? ????????????????????? ???? ??
???????????????????? ???? ??
????????????? ???? ??
???? ?????????????????? ???? ??
??????????????????????? ???? ??
???? ??????????????????????? ???? ??
???? ???????????????????????? ???? ??
?????????????????????????????? ??????? ???? ??
?????????????????????????? ????? ???? ??
??????????????????? ???? ??
?????????????????????????????? ????? ???? ??
??????????????????? ???? ??
?????????????????????????????????????????????????? ???? ??
??????????????????????????????????????????? ??????? ???? ??
????????????????? ???? ??
???? ????????????????????????? ???? ??
????????????????????????????????????? ??????? ???? ??
??????????????????????? ???? ??
???? ????????????????? ???? ??
??????????????????? ???? ??
?????????????????????????????????? ???? ??
???????????????????????????????? ???? ??
???????????????????????? ???? ??
???????????????????????????????????????????????????????? ???? ??
???????? ???????????? ???? ??
???? ??????????????????????????????????????????????? ???? ??
???? ?????????????????? ???? ??
???? ?????????????????????????? ???? ??
???????????????????????????????? ???? ??
??????????????? ???? ??
???? ????????????????????????????? ???? ??
???????? ????????????? ???? ??
???? ?????????????????????????????? ??????? ???? ??
????????????? ???? ??
??????????????????? ???? ??
???? ???????????????????????????????????????????????? ???? ??
???????????????????????? ???? ??
???????????????????????????????????? ??????? ???? ??
?????????????? ???? ??
?????????????? ???? ??
???????????????????? ???? ??
???? ?????????????????????????????????? ???????? ???? ??
?????????????????????????????? ???? ??
??????????????????????????????????? ??????? ????? ??
????????????????????????????????????? ??????? ????? ??
??????????????? ????? ??
Using a two-tailed Pearson’s bivariate correlation test through SPSS Statistics 20, all of 
the cranial and post-cranial measures with the exception of nasal height (mentioned 
previously) were found to significantly correlate.  Of these, all but two (orbital height and 
iliac breadth) were found to significantly correlate at the 99% level of confidence.  
Orbital height and iliac breadth significantly correlated at the 95% level of confidence 
(see Table 4.2).
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Table 4.1 cont.  Percent difference between original and duplicate measures for intraobserver error test.
??????? ?????????????????? ?
??????????????????????????????? ????? ??
???? ???????????????????????????? ????? ??
???? ????????????????????????????? ??????? ????? ??
????????????????????????????????????? ??????? ????? ??
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Table 4.2.  Pearson’s correlation test results.  Highlighted measures = Measures below 0.9 (90%) 
Pearson’s Correlation.  (0.05 = 95% level of confidence).  (0.01 = 99% level of confidence).
Univariate Analyses
 The results of the univariate analyses are summarized in Table 4.3.  After 
performing the univariate analyses, it was found that maximum diameter of the femur 
head, sagittal diameter of the radius at midshaft, maximum length of the ulna, maximum 
vertical diameter of the head of the humerus, biauricular breadth, ischium length, 
maximum length of the radius, epicondylar breadth of the femur, anterio-posterior 
diameter of the femur at midshaft, maximum length of the humerus, maximum length of 
the calcaneus, bizygomatic breadth, and maximum epiphyseal breadth of the proximal 
tibia are the most accurate at determining sex within the Mistihalj population (ranging 
from 96% to 85% accuracy).
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Table 4.2 cont.  Pearson’s correlation test results.  Highlighted measures = Measures below .9 
(90%) Pearson’s Correlation.  (0.05 = 95% level of confidence).  (0.01 = 99% level of 
Table 4.3.  Results of univariate analyses: number of individuals (N), mean, standard deviation 
(SD), sectioning points, and classification rates. 
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Multivariate Analyses
 Using a stepwise discriminant function in SPSS Statistics 20, the best measures 
for estimating sex (those weighted most heavily) were selected and put into equations.  
All of the multivariate equations provided classification rates above 85%.  The elements 
with the highest classification rates (over 90%) are:  femur, radius, humerus, innominate, 
cranium, tibia, and ulna (see Table 4.4).  Those elements not well represented in the 
sample (scapula) or with only one or no heavily weighted measurements (sacrum, fibula), 
were excluded.
Table 4.4.  Multivariate equations, sectioning points, and classification rates for each element.
Element Measurement Sect. 
Pt.
CR
%
Femur (Max diameter of the head * 0.735) + (AntPostDiamMidshaft * 0.460) -4.875 96.7
Radius (Max length * 0.420) + (Sagittal diameter at midshaft * 0.814) -0.472 95.7
Humerus (Epiphyseal breadth * 0.489) + (Vertical diameter of head * 0.662) -0.24 95.5
Innominate (Innominate height * 0.842)+(Pubis length * -1.359)+(Ischium length * 1.045) -0.495 94.9
Cranium (Bizyg. breadth * 0.672)+(MAL * 0.427)+ (Mastoid height * 0.581) -0.60 94.6
Tibia (Max prox. epiphyseal breadth * 0.462) + (Diameter at nutrient foramen * 0.821) -0.387 93.4
Ulna (Max length * 0.656) + (Minimum circumference * 0.585) -0.225 93.1
Calcaneus (Max length * 0.667) + (Middle breadth * 0.493) -0.319 87.3
Clavicle (Max length * 0.599) + (Sagittal diameter * 0.442) + (Vertical diameter * 0.748) -0.251 87.0
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CHAPTER 5
DISCUSSION
Sample Size
 The intra-observer error rates and the classification rates found in this study 
depend on the sample size.  Therefore, the error rates for maximum length of the fibula, 
breadth of the scapula, height of the scapula, anterior height of the sacrum, and possibly 
bizygomatic breadth and iliac breadth may be skewed by the small sample sizes (ranging 
from 5 to 15 individuals measured); (see Table 4.1).  Similarly, the same problem exists 
for classification rates in the univariate analyses.  The sample used in this study is larger 
overall due to data from all individuals with complete/nearly complete pelves with an 
acceptable error rate being included.  Therefore, the bias of a small sample size is really 
only an issue when considering height of the scapula.  Although its classification rate 
reached 100% (the sectioning point classified all individuals with data on scapula height 
as the proper sex), there were only ten individuals on whom this measure could be 
observed.  Most individuals, even when very well preserved, had broken scapulae.  
Consequently, this particular classification rate is probably inflated from what it would be 
should the sample size be larger.  For this reason, height of the scapula was excluded 
from the final list of best measures used for sex estimation and was removed entirely 
from the multivariate analyses.
Error Rates
 All of the measures performed, with the exception of nasal height, were found 
through SPSS Statistics 20 to significantly correlate between the original and duplicate 
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measures performed for intraobserver error analysis.  When evaluating the percentage of 
differences between the original and duplicate measures, the majority of the measures 
found to be above 10% different were either those acknowledged to produce high error 
rates due to issues with landmark identification (Adams and Byrd 2002), or those that 
require marking a point (orbit height and breadth, long bone midshafts, etc.) on bone with 
a pencil.  The Peabody Museum of Archaeology and Ethnology does not allow any 
markings on their collections, which would cause some variance on the exact location a 
measurement was taken between original and duplicate measures.
 The measure with the largest percent difference, nasal height, resulted from a 
transcription error.  In several instances, nasion to prosthion length was recorded twice, 
taking the place of nasal height when recording data.  This mistake was recognized and 
fixed for all of the individuals, but no triplicate measures were made subsequent to 
performing the percent difference analysis on the randomly selected individuals.  Thus 
the error rate remains at 119% and no significant correlation of data was found in SPSS 
Statistics 20 because there is only one set of known accurate measures for many of the 
randomly selected individuals used in the error analysis.  Although this was the only case 
of transcription error present in this study, Adams and Byrd (2002) listed transposed 
numbers, decimal place errors, and recording of the wrong measurement as recognized 
types of error which can affect measurements and results no matter the observers level of 
experience.  Although these transcription errors are the result of carelessness, they are 
luckily easily fixed (Adams and Byrd 2002).
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 The measures performed in this research and those done in Adams and Byrd 
(2002) investigating interobserver error are not entirely compatible (Adams and Byrd 
2002).  Yet, interestingly, many of the elements listed in Figure 2.1 as having the greatest 
error coincided with those with high intra-observer error rates in this study.  Transverse 
and anterio-posterior subtrochanteric diameter of the femur were more erroneous than 
pubis length, but, similar to the findings in Adams and Byrd, both had very high percent 
differences between the first observation and second observation of measurements.  As 
previously recounted, Adams and Byrd (2002) observed the most interobserver error in 
pubis length across all experience levels; subtrochanteric measurements were more 
consistently observed than measures of the pubis (2002).  Although the subtrochanteric 
measures showed high levels of interobserver error, they were not considered invalid, as 
the pubis and ichium length were.  The error seemed to arise from unclear instructions; 
this problem could be alleviated with training from an experienced osteologist and a 
better explanation of the measure.  For example, confusion over how consistently 
anterior-posterior or transverse positions must be maintained as well as how far from the 
lesser trochanter the measurement must be taken caused variation between observers 
(Adams and Byrd 2002).
 There have been consistent issues with pelvic measurements that may explain 
another aspect of the intra-observer error experienced in this study (Adams and Byrd 
2002).  One of the first pelvic measures was the ischio-pubic index developed by 
Washburn (1948) for sex estimation.  It was cited as providing over 90% accuracy, but 
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poor preservation of this portion of the bone, as well as its time consuming nature, lead to 
difficulty with the method (Phenice 1969).  The difficulty encountered when defining and 
locating landmarks on the pelvis make non-metric sex estimation methods preferable to 
metric methods.  Ambiguous landmarks generally lead to high interobserver error rates.  
Even when landmarks on the pelvis are accurately located and measured, variation 
between populations requires that new metric methods be developed for each specific 
population  (Klales, et al. 2012).  It has been recommended that pubis length and ischium 
length be excluded from metric analyses because of the lack of validity caused by issues 
finding the acetabular landmark necessary to record the measures (Adams and Byrd 
2002:7).  For this reason ischium length, though over 85% accurate in univariate 
analyses, and the innominate overall in the multivariate analyses (due to use of pubis and 
ischium length) were also excluded from the final list of best measures/elements for sex 
estimation.  As invalid measurements, they should not be analyzed metrically for sex 
estimation.   Therefore the best univariate measures for sex estimation, sans the 
innominate are:  maximum diameter of the femur head, sagittal diameter of the radius at 
midshaft, maximum length of the ulna, maximum vertical diameter of the head of the 
humerus, biauricular breadth, maximum length of the radius, epicondylar breadth of the 
femur, anterio-posterior diameter of the femur at midshaft, maximum length of the 
humerus, maximum length of the calcaneus, bizygomatic breadth, and maximum 
epiphyseal breadth of the proximal tibia.  The best elements for multivariate analysis, also 
without the innominate, are:  femur, radius, humerus, cranium, tibia, and ulna.
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 Although visual pelvic characteristics also vary between populations, the main 
traits observed are still present for evaluation and tend to still be distinctive between 
males and females.  Differences between populations were only very slight (Phenice 
1969).  Despite the issues with metric analysis of the pelvis, subjectivity, inconsistency, 
lack of statistical classification, and the need for experience are drawbacks for visual 
methods of sexing and should be acknowledged (Klales, et al. 2012).
 Measurement of the tibia has been a point of contention for many years and has 
caused much confusion and discrepancy due to is asymmetry (Adams and Byrd 2010, 
Waxenbaum et al. 2010).  To avoid error in tibial measurements, two methods of 
observing tibial condylo-malleolar length were utilized.  Unlike the findings in Adams 
and Byrd (2002), the length of the tibia was consistently measured.  The percent 
difference using the method described in Moore-Jansen, et al. (1994) was 1.36%, and the 
difference using the Stewart method cited in Waxenbaum, et al. (2010) was 1.50%.
Tibia
 It should be mentioned that condylo-malleolar length (CondMal), rather than 
maximum length (MaxL) of the tibia was observed and recorded.  Maximum length 
entails the entire length of the tibia from the most proximal to the most distal point.  
Condylo-malleolar length is defined as the measurement from the tip of the medial 
malleolus to the superior articular surface of the lateral condyle (Waxenbaum, et al. 
2010).  The condylo-malleolar length fits the description of both measurement methods 
used in observing length of the tibia in this study, despite the Stewart method describing 
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the measure as “maximum length”, rather than “length”, as Moore-Jansen, et al. (1994) 
state.
 The length of the tibia was not found to be accurate at estimating sex in univariate 
analysis; it displayed a classification rate of only 78%, but the multivariate analysis 
provided a classification rate of 93.4%.  Waxenbaum, et al. (2010) found that sex did not 
affect the maximum length of the tibia.  Ancestry played a potentially larger role in 
morphological differences of the knee joint, thus affecting the intercondylar eminence 
used to observe maximum length.  If there is a case of less discernible dimorphism of the 
intercondylar eminence, it could be possible that the morphology of the rest of the 
element is also less dimorphic.
Preservation Bias
 As stated before, only those individuals in the Mistihalj, Montenegro collection 
who presented complete or nearly complete skeletons were evaluated, and of those only 
individuals with an intact pubis were used for the statistical analysis performed in this 
study (75 individuals).  Out of this group, 29 individuals were female, and 46 were male.  
Although this ratio may not reflect the demography of the entire collection, it could be 
indicative of differential preservation due to the taphonomic changes discussed in 
Chapter 2.
 In addition to preservation bias based on sex, as mentioned previously, specific 
elements may be affected differently during burial.  Jordana, et al. (2010) compared 
skeletal articulation, disarticulation, and commingling to age, sex, and period for each 
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individual excavated from a Spanish necropolis to determine what taphonomic factors 
might have affected the assemblage.  Based on their results, they determined that 
differential preservation of disarticulated, commingled bones was probably affected by 
sex (more males were recovered than females) (Jordana, et al. 2010).  It is not known if 
any taphonomic investigation was carried out on the individuals from the Mistihalj 
collection.  The Mistihalj individuals were buried in a cemetery, thus the taphonomic 
changes associated with burial described in Chapter 2 would affect the remains.  As 
information of this sort is unavailable, it is not known if differential preservation created 
bias in the individuals excavated.  What can be gleaned from the demography of the 
collection is that the number of juveniles present and overall good preservation of bone 
for most individuals may indicate that soil pH was not overly high and the burial 
environment was preferable for skeletal preservation (Cowgill 2008).
Univariate vs. Multivariate Analyses
 When evaluating any aspect of the biological profile, including sex, a holistic 
approach is incredibly important.  Incorporating multiple methods will attain the highest 
accuracy in sex estimation achievable from the elements available.  One skeletal element 
will not give as broad a base of information for building a biological profile as would 
multiple elements or the entire skeleton.  Consequently, the multivariate equations 
presented in this study were expected to provide a more accurate sex estimation.  Despite 
this, the univariate analysis presented may be a more realistic tool.  In an archaeological 
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context, not all elements will be preserved to the same degree, if at all.  Taphonomic 
changes caused by soil pH, rodent gnawing, scavenging, etc. will all affect preservation.
 Without all of the element measures necessary, the multivariate equations become 
useless.  Therefore, unless a large portion of an individual’s skeletal elements are present 
or most of the measurement landmarks are well preserved, it may be more practical to 
perform univariate analyses for multiple elements separately.  By using the sectioning 
points provided, one may estimate sex for multiple elements, or even multiple measures 
on a single element.  These can then be compared to estimate the sex of an individual 
based on the most common sex assignment, alongside other observations of the remains.  
It should be noted that with those elements or measures poorly represented in the sample 
collection, caution should be used when applying the sectioning points, as the statistical 
analyses are not as strongly vetted due to the small sample size.  As stated previously, the 
height of the scapula, gathered on only ten elements, is the main measure of concern with 
this issue.
 Although it was expected that post-cranial measures would exceed cranial 
measures in estimating sex in both univariate and multivariate contexts, this was not 
entirely the case.  In the univariate analyses, bizygomatic breadth and biauricular breadth 
were both over 85% accurate at estimating sex, and bizygomatic breadth, maxillo-
alveolar length, and mastoid height considered together in the multivariate analysis 
provided a moderately high classification rate (94.6%).  As the population Spradley and 
Jantz (2011) utilized represented modern American Whites and Blacks, it is possible that 
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either population or temporal differences between those samples and the Mistihalj 
collection were the cause of this divergence from the hypothesis.  In order to ascertain 
whether this unexpected result may be more temporally or regionally affected, 
bizygomatic breadth and biauricular breadth were evaluated in univariate analyses for six 
of Howells archaeological populations, representing a range of regional groups.  In all 
cases, biauricular breadth was below 80% accurate when estimating sex, possibly 
indicating this is specific to the Mistihalj population or those similar to it.  In three of the 
six populations, bizygomatic breath was over 85% accurate at estimating sex (two Native 
American populations and the Norse) (see Table 5.1 for results).  This points both to 
variance between population as well as differences between periods caused by secular 
change.
Table 5.1.  Overall univariate classification rates for bizygomatic breadth and biauricular breadth among six 
Howells populations.
Howells Population Bizygomatic Breadth Biauricular Breadth
Norse 0.86 0.79
Egypt 0.81 0.77
Zulu 0.81 0.65
Arikara 0.87 0.75
South Japan 0.58 0.73
Santa Cruz 0.88 0.78
 In addition, recent research investigating cranial sexual dimorphism across 
Howells populations found bizygomatic breadth to be the most heavily weighted 
measurement when estimating sex for most populations (Messer, et al 2013).  Further 
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research into sexual dimorphism of cranial measures in archaeological populations 
around the world will help indicate whether dimorphism is more population or temporally 
based.  It is believed that in this particular study both secular change and population 
differences affected the results.
Secular Change
 The sectioning points and equations created from this research are only applicable 
to archaeological populations.  Secular change has been seen in the same populations 
over after only 45 years (Işcan, et al. 1994); over the course of only a few decades 
significant alterations in skeletal morphology can occur (Walker 2008).  For this reason, 
skeletal collections must be reassessed continually, as over time one will, for all intents 
and purposes, be observing an entirely new population (Işcan, et al. 1994).  Table 2.4 in 
Chapter 2 shows a comparison of secular change across populations throughout the late 
19th and 20th centuries.
 As described previously, the Balkan region has undergone many changes over 
time politically, economically, and socially.  Vast migrations as well as the many wars 
over the course of the history of Balkans and Europe in its entirety would affect skeletal 
morphology.  Even within the specific time period examined, the 15th century, there 
could have been significant changes between the population studied.  More importantly, it 
must be noted that while the univariate and multivariate analyses provided are applicable 
to archaeological populations, more research must be done in terms of how accurate they 
will be on other groups within the same temporal and geographic region.  A comparison 
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to another population with known sex and ancestry from the medieval period (preferably 
the 15th century) would be helpful in this regard.  Otherwise, when excavating in other 
areas of the Balkans, applying these equations to single, few, or commingled elements 
could provide a skewed sex estimation.
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CHAPTER 6
CONCLUSION
 All of the varying invasions, migrations, and assimilations created a multiethnic, 
multinational mosaic on the Balkan Peninsula.  It is not expected that the archaeological 
population researched in this study will provide equations accurate for a modern Balkan 
population due to secular change.  Its utility will be reserved for archaeological remains 
from the region.  As varying periods and extreme diversity in the area could have affected 
the Balkan population at large, more research will have to be done to test the findings of 
this study on other medieval Balkan populations in order to ensure its utility within the 
region outside of Bosnia-Herzegovina and Montenegro.
 The best univariate measures for sex estimation are:  maximum diameter of the 
femur head, sagittal diameter of the radius at midshaft, maximum length of the ulna, 
maximum vertical diameter of the head of the humerus, biauricular breadth, maximum 
length of the radius, epicondylar breadth of the femur, anterio-posterior diameter of the 
femur at midshaft, maximum length of the humerus, maximum length of the calcaneus, 
bizygomatic breadth, and maximum epiphyseal breadth of the proximal tibia (ranging 
from 96% to 85% accuracy, respectively).  Ischium length and height of the scapula, 
while above 85% in accuracy, were excluded from this list as pubis length is considered 
an invalid measurement, and classification rates for height of the scapula were skewed by 
the small sample size of the element.  The best multivariate measures (those with 
classification rates greater than 90%) are:  .  The best elements for multivariate analysis, 
also without the innominate, are:  femur, radius, humerus, cranium, tibia, and ulna.
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 As predicted, overall the multivariate method is more accurate at estimating sex 
than the univariate method.  The multivariate analyses exceeded the univariate analyses 
in most cases in terms of classification rates, but the top univariate elements were roughly  
equivalent to the multivariate classification rates.  Additionally, the multivariate equations 
created are only applicable if every measure/landmark required is present on the skeleton 
in question.  As there is often differential preservation of skeletal elements, the use of 
multiple univariate sectioning points may be better on moderately or very poorly 
preserved remains.
 More research must be done on secular change both in the Balkan region and 
worldwide to provide a better understanding of sexual dimorphism and how it has 
changed over time.  Future research comparing archaeological and modern Balkan 
populations may provide a better understanding of how populations have changed over 
time in the region.  In addition, it may aid in providing a clearer picture of population and 
temporal changes in peoples past and present.
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APPENDIX
   Percentage Difference = | ∑ X1 - ∑ X2 |
         x 100
           ∑ X1 + ∑ X2
          N
 The variables are defined as the sum of the original measurements (X1), the sum 
of the duplicate measurements (X2), and the number of individuals the measurement was 
performed on (N).  For example, if evaluating percent difference for basion-bregma 
height, one subtracts the sum of the duplicate measures (3070) from the sum of the 
original measures (3069), giving the result of -1.  Then the same sums are added together 
(6139), and this number is divided by the number of individuals the measurement was 
observed on (23, as in this case basion-bregma height was observed on all 23 of the 
individuals included in the error test), resulting in the number, 266.91.  The absolute 
value of the subtraction (1) is divided by 266.91, giving an answer of .003746.  This is 
multiplied by 100 to make the number a percentage.  Thus there is .3746% difference 
between the original basion-bregma height measures taken and the duplicate measures of 
the same category.
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